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Abstract: The double-lumen tube is the most commonly used tool for one-lung ventilation in clinical practice. The
combination of visualization technology and the double-lumen tube makes intubation more rapid and precise,
avoiding complications. With the success of Deep Learning in the field of endoscopy, Deep Learning assisted dou-
ble-lumen tube insertion has become possible. However, in the past five years, few studies have focused on this as-
pect. In this paper, we review the development of double-lumen tube, including improvements in structural design,
selection of optimal dimensions, and advances in visualization techniques for intubation. The possibility of applying
Deep Learning to double-lumen tube, such as predicting the optimal size of double-lumen tube by regression mod-
els, is discussed. Particularly, the role of Object Detection algorithm in assisting intubation insertion is highlighted.
Challenges of current techniques and future solutions are also discussed.
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Introduction

The evolution from a single lumen tube (SLT) to
double lumen tubes (DLT) in the 1880s contrib-
uted to the rapid development of respiratory
physiology and independent spirometry [1]. In
the following decades, different techniques of
securing the airways and selective one-lung
ventilation largely contributed to the develop-
ment of intra-thoracic surgery and made com-
plex lung, esophageal, mediastinal and chest
wall procedures possible [1-3]. Among them,
DLT is the gold standard for performing various
surgical procedures such as lung separation/
isolation and is favored by most anesthesiolo-
gists [2].

A large number of medical images generated
during medical examinations, and increased
computing power has facilitated the develop-
ment and application of Artificial Intelligence
(Al) tools in automated image analysis [4, 5].
Convolutional Neural Networks (CNN), a class
of feedforward neural networks that include
convolutional computation with a deep struc-

ture, are one of the representative algorithms
of Deep Learning (DL), and their main applica-
tions are in image classification and recog-
nition.

In recent years, CNN have driven the continu-
ous development in the field of medical imag-
ing. In endoscopy, computer aided diagnosis
can be used to reduce workload and errors
while improving efficiency of physicians. For
example, Guo et al. [6] developed a computer
aided diagnostic system for endoscopic detec-
tion of four types of lesions: polyps, advanced
cancer, erosions/ulcers, and varicose veins,
and Saraiva et al. [5] created an algorithm for
automatic detection of blood and blood residue
in the intestinal lumen during endoscopy. There
are also many applications of DL for radiologi-
cal images, including classification, segmenta-
tion, detection, etc. [7] For example, CNN-based
analysis of brain Magnetic Resonance Imaging
(MRI) images [8] and DL segmentation net-
works for Computed Tomography (CT) or MRI
images automatically segment target organs or
lesion parts [9], and the segmentation results
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can be used for subsequent 3D reconstruction
and surgical planning, which greatly reduces
the time spent on manual segmentation.

The purpose of this review is to summarize cur-
rent progress of DLT and make recommenda-
tions for post-need optimization by examining
the use of DLT in OLV. It includes a description
of DLT design, DLT indications, the use of visu-
alization on DLT, and studies combining DLT
with DL.

Literature search

A literature search was performed in PubMed,
Web of Science, and Science Direct, using the
terms “Videolaryngoscope AND Double Lumen
Tube”, “Fiberoptic bronchoscopy AND Double
Lumen Tube”, “VivaSight AND Double Lumen
Tube”, and the search period was from 2017
to 2022. A total of 149 studies were included.
After reading the abstracts, we removed identi-
cal literature and the studies containing Single
Lumen Tubes. A total of 28 studies were finally
included [2, 10-36]. As shown in Table 1, the
focus and principal conclusions of all included
literature are summarized.

However, a literature search using the terms
“Machine Learning”, “Artificial Intelligence”,
and “Deep Learning” with the terms “Double
Lumen Tube”, “Videolaryngoscope”, “Fiberoptic
bronchoscopy”, and “VivaSight”, by using the
logical conjunction “AND”, revealed no relevant
studies. Therefore, this review analyzes the
possibility of combining DL with DLT by examin-
ing studies related to DL in the field of endos-
copy and medical imaging.

Lung isolation techniques

Lung isolation techniques have three main
purposes [2, 3]: 1. To prevent contamination of
healthy lungs by pus, blood, or other fluids from
the contralateral lung. 2. To facilitate exposure
of intrathoracic anatomy in diagnostic and ther-
apeutic procedures. 3. To provide differential
ventilation and airway protection in unilateral
chest disease.

Indications for lung isolation techniques include
mainly absolute and relative indications, and
Table 2 summarizes the common indications
and targets for the use of two techniques of
lung isolation [2, 3].

358

Double lumen tube
Design of DLT

Most modern DLTs are now based on Ro-
bertshaw designs [25, 27]. All DLTs contain
tubes connected together, the shorter one ter-
minating in the trachea and the longer one
extending further into the left/right main bron-
chus [25]. The cuff on the DLT are color coded,
with the main tracheal cuff commonly being
clear and the left and right bronchial cuff com-
monly being blue [3]. The proximal portion of
the DLT is graduated to measure the depth of
insertion. Some DLTs have a radiopaque mark-
er drawn on them to facilitate localization using
fiberoptic bronchoscopy (FOB) or radiography
[3].

The material of the DLT has evolved from the
previously used rubber to silicone resin and
polyvinyl chloride tube [3, 27] that allows for
diameter ratio of inner to outer tube than be-
fore, which facilitates insertion into the right or
left main bronchus through the upper airway.
The new materials also allow for a transparent
wall to detect exhaled water vapor, blood and
secretions [3].

Selection of left or right DLT

Different shapes of DLTs were designed for the
left and right bronchial tubes due to the ana-
tomical differences, respectively [3, 25, 27].
The right main bronchus is straighter and short-
er than the left main bronchus, so the bronchial
cuff of the left DLT is cylindrical, while the bron-
chial cuff of the right DLT is inclined and circular
to facilitate ventilation of the right upper lobe
[3], as shown in Figure 1.

In general, the left DLT is used for right-sided
intrathoracic surgery, while the right DLT is
used for left-sided surgery. The length of the
endobronchial segment that can be adjusted
without interfering with the bronchial bifurca-
tion is called the “margin of safety” [3, 27]. The
left DLT is more commonly used because it
has a broader safety margin compared to the
right DLT [3, 25, 27]. In addition, left DLT is eas-
ier to locate and safer to manage intraopera-
tively [14]. In contrast, right DLT must be used
for patients whose tumors obstruct the left
main bronchus. Right DLT is recommended for
patients with distorted anatomy, external com-
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Table 1. Summary of literature studies on DLT in airway management

Study

Focus of Study

Principal Conclusions

Huybrechts et al. [2]

Ajimi et al. [10]

Bakshi et al. [11]

Belze et al. [12]

Benison et al. [13]

Cheng et al. [14]

Cierniak et al. [15]

D’Anto et al. [16]

Dharmalingam et al. [17]

Ellensohn et al. [18]

El-Tahan et al. [19]

Gil et al. [20]

Grensemann et al. [21]
Heir et al. [22]

Heseltine et al. [23]
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Methods commonly used for OLV*.

To evaluate the utility of two video laryngoscopes, the Airtraq DL and
the AWS-200, during intubation.

Comparison of intubation times using the McGrath MAC VL and Macin-
tosh laryngoscope (DL).

Comparison of Glidescope and Airtraq insertion in patients with dif-
ficult airways.

A case of unexpected difficult intubation despite preoperative evalua-
tion is reported.

To investigate the incidence of tracheal bronchus (TB) and explore its
implication for lung isolation.

To evaluate the effectiveness of Cmac and VivaSight in the hands of
users who are not trained in intubation.

Describes a hospital-based The Health Technology Assessment pro-
cess (cost-impact assessment). The program was used to compare an
innovative device with an integrated camera for bronchial intubation in
thoracic surgery.

The Full view VDLT can minimize or circumvent the use of FOB during
OLV, and reduce the time taken to isolate the lungs thus reducing
aerosol in the theater.

The DLT dimensions were measured by CT for comparison with the
three manufacturer’s recommended dimensions.

Compare the time required for successful DLT intubation by users with
mixed experience using a Macintosh or GlideScope with that using an
Airtraqg or King Vision.

Reviewing whether VivaSight-DL can replace Fiberoptic bronchoscopy.

Compare the success rates of direct laryngoscopy and video guidance.

To compare the incidence of fiberoptic bronchoscope (FOB) use during
verification of initial placement and for reconfirmation of correct place-
ment following repositioning, when either a double-lumen tube (DLT)
or video double-lumen tube (VDLT) was used for lung isolation during
thoracic surgery.

Guided DLT insertion using Fiberoptic bronchoscopy.

DLT* is widely used for single lung ventilation.

In non-difficult airway patients, intubation time with the Airtraq DL was less than
that of the AWS-200.

The McGrath MAC VL and the Macintosh laryngoscope have similar intubation
times. However, the VL has better visualization of the vocal cords, reduced need
for external laryngeal manipulation and fewer complications.

There was no difference in the success rate of tracheal intubation in patients
with difficult airways when using the Glidescope or Airtraq devices.

The case highlights importance of ventilation over intubation, importance of
preoperative evaluation, possibility of failure of videolaryngoscopy, importance of
avoidance of fixation error and fundamental role of fiberoptic, with spontaneous
breathing, for difficult airway management.

Preoperative diagnosis of TB is important when lung isolation is needed. The left-
sided DLT can be used for most patients with a TB.

According to subjective opinion, the Cmac is easier to operate than the VivaSight.
Even during the learning period, the videolaryngoscope can be an important tool
for training on new intubation methods.

The introduction of innovative devices can significantly reduce intubation time,
overall procedure time and cost of the study. These results also confirm the use-
fulness of the hospital-based The Health Technology Assessment program.

The Full view VDLT is an efficient and safe alternative for lung isolation at this
time of the COVID-19 pandemic.

A significant number of the three manufacturer-recommended DLT sizes are
incompatible with the airway dimensions of individual patients.

When used by operators with mixed experience, the Airtraq requires less time for
DLT cannulation and is easier to use than the GlideScope.

The VivaSight-DL with embedded camera allows for airway management and
continuous observation on a portable external monitor, as well as single-lung
isolation during anesthesia.

In this pilot study, VivaSight did not show an advantage.

This study demonstrated a reduction of 86.8% in FOB use, which was a similar
reduction found in other published studies.

DLT should be placed using a Fiberoptic bronchoscope. This allows correct posi-
tioning of the bronchial lumen in the chosen mainstem bronchus.
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Liu et al. [28]

Mathew et al. [29]
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Tan et al. [35]
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To compare the performances of the GlideScope, the C-MAC videolar-
yngoscope and the Macintosh laryngoscope in DLT intubation.

Contemporary lung isolation devices and the important factors that
influence device selection during lung transplantation are discussed.

Comparing the Cost of VivaSight and Traditional DLT.

This article outlines the development and use of the currently avail-
able DLTs and bronchus-blockers.

To assess the feasibility and accuracy of using chest computed tomog-
raphy (CT) to measure the distance between the vocal cords and the
neck as a guide for left-sided double-lumen tube (LDLT) cannulation.

Compare the average time to perform intubation on CMAC and Macin-
tosh.

C-MAC video nosepiece.

The utilization rate of fiberoptic bronchoscopy for intubation with
VivaSight-DLT or conventional DLT was compared.

Evaluating the use of VivaSight-DLT.

Compare the intubation results of fiberoptic bronchoscopy and Macin-
tosh laryngoscopy.

Introducing a new DLT, ANKOR DLT, for difficult airways.

Report of a case of intubation in a young man diagnosed with ad-
vanced cardia incontinentia with a giant esophagus.

To explore an effective method to address the difficulty of repositioning
due to right upper lobe occlusion during surgery.

Compared with the Macintosh laryngoscope, the GlideScope (R) and C-MAC (R)
(D) videolaryngoscopes may not be recommended as the first choice for routine
DLT intubation in patients with predicted normal airways.

The left DLT remains the most popular device for OLV.

VivaSight-DL is more cost-effective.

The measurement of the distance between the vocal cords and the neck based
on chest CT is used as a guide for LDLT intubation and is more effective and ac-
curate than the blind method.

Macintosh blade is as good as CMAC blade to facilitate DLT intubation in adult
patients with no anticipated airway difficulty, however CMAC was superior as it
offers better laryngoscopic view, needed less force, and fewer external laryngeal
manipulations.

Successful use of the C-MAC video nasoscope as a tool for awake intubation and
dual-lumen tube placement.

The VivaSight-DLT has significantly lower fiberoptic bronchus usage, significantly
faster placement, and significantly fewer intraoperative misalignments compared
to conventional DLT, but does not result in a significant cost reduction.

The VivaSight-DL represents a novel method of OLV allowing rapid identification
of intraoperative airway problems and reducing the need for fibreoptic bronchos-
copy.

The fiberoptic bronchoscopy-guided DLT placement method is more effective
compared to the conventional method.

ANKOR DLT would be a feasible choice to achieve successful blind lung isolation
when the use of FOB is impossible to achieve the optimal lung isolation.

Prone position to maintain proper DLT placement and fiberoptic bronchoscopy to
address DLT dislodgement.

Repositioning of R-DLT from the right main bronchus to the left main bronchus
has good clinical performance without causing additional damage.

*DLT: Double Lumen Tubes; OLV: One-Lung Ventilation.
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Table 2. Indications for lung isolation techniques

Indications

Main goal

Absolute indications Unilateral lung abscess or cyst

Contralateral lung protection

Unilateral pulmonary hemorrhage (thromboembolism, aneurysm) Contralateral lung protection

Bronchoalveolar lavage with saline to treat alveolar proteinosis Contralateral lung protection

Bronchopulmonary fistula, trachea-bronchial injury

Severe unilateral disease (giant emphysematous bullae)

Lung transplantation

Relative indications High priority Pneumonectomy, sleeve resection on the bronchial mainstem
Tumor obstructing the main bronchial stem
Thoracic aneurysm with cardiopulmonary bypass
Lobectomy and lesser lung resection (any surgical approacha)
Low priority Interventions on the pleura and mediastinal structures

Oesophagectomy

Orthopedic surgery on the chest, thoracic spine surgery

Minimally invasive cardiac surgery

Secure the airways and gas exchange
Differential lung ventilation
Secure the airways and differential ventilation

Surgical exposure

Surgical exposure
Surgical exposure
Surgical exposure
Surgical exposure
Surgical exposure
Surgical exposure

Figure 1. DLT. left, left DLT; right, right DLT.

pression of the left main bronchus by aortic
aneurysms or lymph nodes [36].

Size selection of DLT

Current DLT manufacturers offer various sizes
of DLTs, generally including 26Fr, 28Fr, 32Fr,
35Fr, 37Fr, 39Fr, 41Fr [25, 27]. Table 3 sum-
marizes the parameters of different sizes of
DLTs [3].

The conditions for a suitable DLT include [2, 31,
37]: 1. The DLT is inserted smoothly and rea-
ches the intended bronchus correctly or after
adjustment. 2. The main tracheal cuff is inject-
ed with 2-6 ml of gas and the intracapsular
pressure is less than 25 cmH,0, and there is no
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air leak at the peak of 30 cmH,O of positive
pressure ventilation airway. 3. The bronchial
cuff is injected with 1-3 ml of gas and the intra-
capsular pressure is less than 20 cmH,0, and
there is good isolation of both lungs at the
peak of 30 cmH,0 of positive pressure ventila-
tion airway. The two lungs are well isolated at
the peak of 30 cmH,0 of the ventilation airway.
When the resistance to tube insertion is obvi-
ous, the main tracheal cuff is filled with less
than 2 ml of air, and the bronchial cuff is filled
with less than 1 ml of air or even no air, then the
smaller size is better. When the main tracheal
cuff is filled with more than 6 ml of air and the
bronchial cuff is filled with more than 3 ml of
air, the size of the DLT selected should be small.

One of the main challenges that DLT currently
faces is the lack of objective methods and
guidelines for selecting the appropriate size
and optimal depth [25]. Generally speaking, the
DLTs in sizes 35Fr or 37Fr are available for most
adult females, while DLT in sizes 39Fr or 41Fr
are suitable for the average adult male [2, 3,
23, 25, 27]. However, Ellensohn’s team [18]
found a considerable proportion of the recom-
mended DLT sizes from all three manufactur-
ers were incompatible with individual patient’s
lower airway dimensions. Undersized or over-
sized DLTs can lead to serious airway complica-
tions such as sore throat, tracheal or bronchial
hematoma, and tracheal or bronchial rupture
[2, 25]. The most accurate way to select the
size of the left DLT is to measure the width of
the bronchus and the outer diameter of the
DLT, and then select the largest tube that sa-
fely fits that bronchus. Measurement of the size
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Table 3. Outside diameter, inside diameter
and length of different sizes of DLT

Bronchus Trachea Length
ID* (mm) ID* (mm)  (mm)

Size OD* (mm)

26 8.7-9.3 3.0 3.0 280
28 9.3-10.2 3.2 3.1 280
32 10.5-11.2 3.4 3.5 300
35 12.0-135 4.3 4.5 300-310
37 13.3-14.0 4.5 4.7 310-320
39 13.8-14.3 4.9 4.9 330-340
41  13.7-14.9 5.4 5.4 340-350

*QOD: Outer Diameter; ID: Inner Diameter.

of the trachea and bronchi is usually based on
an image such as a CT or X-ray of the chest
taken before anesthesia [38].

Visualization technology and DLT

Current visualization techniques applied to DLT
include videolaryngoscopy guided DLT, FOB
guided DLT, and VivaSight. Its primary function
is to assist intubation operators to place DLT in
arapid and effective way, especially for patients
with difficult airways [13]. For example, Mittal
et al. [30] used videolaryngoscopy as a tool for
awake intubation of difficult airways and DLT
placement.

Videolaryngoscope

The role of videolaryngoscope in airway man-
agement is becoming increasingly important
[10]. Videolaryngoscope provides operators wi-
th a view of the vocal cords, which can improve
the success rate of intubation while reducing
intubation time. However, the time required to
assist intubation with videolaryngoscope still
varies depending on the experience of opera-
tors. Figure 2 shows the videolaryngoscope.

Videolaryngoscopes commonly used in clinical
practice include C-MAC, King Vision, Glides-
cope, McGrath MAC, and different types of vid-
eolaryngoscopes have their advantages and
disadvantages in assisting DLT. El-Tahan et al.
[19] compared three different laryngoscopes
and concluded that Airtrag and King Vision pro-
vide a wider field of view, a smaller blade, and a
channel for guiding DLT compared to the Glide-
scope, while also having a larger outer diame-
ter and a more rigid design. Mathew et al. [29]
concluded that C-MAC blade is superior to
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Figure 2. Videolaryngoscope.

Macintosh blade by comparing two videolaryn-
goscopes for DLT in patients undergoing elec-
tive open-heart surgery, providing not only a
better field of view but also requiring less effort
and less external manipulation. Huang et al.
[24] experimentally illustrated the higher suc-
cess rate of Macintosh compared to Glidescope
and C-MAC on the first attempt. Bakshi et al.
[11] compared the two videolaryngoscopy as-
sisting endobronchial intubation with DLT, Mc-
Grath MAC and Macintosh, and concluded that
although the time taken in the two modalities
was similar, McGrath MAC had better visualiza-
tion of vocal folds as well as fewer external
manipulations. In addition, Belze et al. [12] fo-
und similarity in intubation success between
the two videolaryngoscopes when faced with
patients with difficult airways using the Glide-
scope and AirTraqg. In summary, different types
of videolaryngoscopes for difficult airways can
improve the success rate of first intubation;
however, different types of videolaryngoscopes
have different blade angles and field of view,
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Figure 3. Fiberoptic bronchoscope.

which can have an impact on the intubation
time of operators and the availability of exter-
nal manipulation.

Fiberoptic bronchoscopy

The use of FOB to guide DLT intubation also
involves the use of videolaryngoscope, which is
used to assist in the insertion of the DLT into
the trachea, and the FOB (Figure 3), which is
used to assist in pushing DLT into the right or
left bronchi. In the case of video laryngoscopy
only, DLT can only be inserted blindly after
entering the subglottic. However, two studies
[39, 40] have shown that the use of FOB as-
sisting endobronchial intubation with DLT is
more accurate than blind insertion, but more
complex operations make the insertion time
relatively longer.

Confirming the accurate position of DLT is
essential to ensure that DLT is working proper-
ly, however, clinical assessment by examina-
tion and extrapolation alone to confirm the cor-
rect position of DLT is unreliable, so visual
confirmation under FOB guidance is currently
used as the gold standard in clinical practice
[31-34]. However, the use of FOB is inexperi-
enced and expensive for many anesthesiolo-
gists, so Liu et al. [28] used CT images of the
chest as a guide to left DLT by measuring the
distance between the vocal cords and the
ramus, which is a non-visual method but equal-
ly effective and accurate.
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VivaSight

Although FOB addresses the visualization of
tracheal and bronchial anatomy, Campos et al.
[41] observed a high incidence of DLT malposi-
tion even among experienced anesthesiolo-
gists. Although FOB also addresses DLT malpo-
sition [35], the FOB commonly used in clinical
practice does not allow continuous intraopera-
tive monitoring of the airway and therefore can-
not respond to possible adverse events in the
airway in a timely and effective manner.

With the miniaturization of cameras and light
sources, this problem has a new solution. Viva-
Sight builds on the traditional DLT by embed-
ding a camera and light source so that continu-
ous airway visualization can be achieved during
intubation [20, 25, 32]. Heir et al. [22] showed
that the use of VivaSight was effective in reduc-
ing the use of FOB in positioning and lung is-
olation procedures [32], and that the use of
VivaSight was cost-effective compared to FOB
assisted intubation [16, 26]. Meanwhile, Gren-
semann et al. [21] showed no difference in first
intubation success rates between VivaSight
and FOB-assisted intubation in patients with
non-difficult airways, but the presence of se-
cretions in a difficult airway may cause camera
contamination of the VivaSight. The VivaSight
is now equipped with a flushing port that allows
the camera to be cleaned at any time during
intubation using saline, thus avoiding camera
contamination [17, 32]. In addition, several
studies [16, 17] have found that the use of
VivaSight is faster compared to FOB-assisted
intubation, reducing procedure time by 36%
and allowing for faster mastery for novices [15].

Feasibility analysis of DLT combined with
deep learning

Predicting DLT size based on artificial intel-
ligence

There are two main methods to select the
appropriate DLT size: one is to calculate the DLT
size by a formula, and the other is to measure
the actual size of the trachea and bronchi in
preoperative images to determine the DLT size.
For example, Sydiuk et al. [42] retrospectively
studied 192 patients with left DLT using five
features such as gender, height, weight, diam-
eter of the left main bronchus and age as vari-
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ables and constructed a generalized regression
model to develop a standard mathematical for-
mula to determine the size of left DLT. Liu et al.
[38] determined the left DLT by preoperative CT
measurements of the cricoid cartilage and the
diameter of the left main bronchus.

However, these two traditional methods for
selecting the appropriate DLT size have obvious
drawbacks. On the one hand, the formulae
obtained from the generalized regression mo-
del are based on the patient data obtained in
the study, and the insufficient amount of data
makes the obtained formulae not universal. On
the other hand, manual measurements to cal-
culate the DLT size are more accurate but time-
consuming, and some patients lack imaging
data.

DL can effectively solve the above problems.
There are many methods to predict results
through Artificial Intelligence (Al), including
Machine Learning (ML), such as Linear Re-
gression (LR), Random Forest (RF), Support
Vector Machine (SVM), and DL. These methods
can effectively obtain the relationship between
independent variables (features) and depen-
dent variables (outcomes), while data can be
continuously collected to improve the accuracy
and general adaptation of the model. Mean-
while, Convolutional Neural Network (CNN) can
effectively extract feature information from
images and predict DLT size by the extracted
features, which can significantly improve effi-
ciency compared to manual measurement by
doctors.

Deep learning assisted visualization DLT

Existing visualization intubations view the inte-
rior of the airway through a handheld monitor,
however, after rotating the camera, anesthesi-
ologists may not be able to distinguish be-
tween the left/right main bronchus clearly.
Yoo's team [43] compared 10 DL models to
classify left/right bronchi and carina to address
the problem of confusing depth and direction
during DLT insertion, and obtained very good
results. However, the model is unable to identi-
fy possible secretions of the airway, such as
blood and sputum.

The above problems can be effectively solved
by using the Object Detection algorithm. The
task of Object Detection is to determine the
classification and location of the object. There-
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fore, for the left and right bronchi of the airway,
sputum, blood clots and polyps, the algorithm
can determine their location in the airway and
their classification. Livovsky et al. [44] per-
formed well in detecting polyps in colonoscopy
using Object detection. Therefore, Object De-
tection combined with visualization devices is
feasible. Object Detection allows continuous
airway detection, something that classification
models cannot do.

Conclusion

In many DLT studies, the choice of DLT size and
left/right is critical. Currently, the selection of
DLT size is generally derived by formula calcula-
tion or manual measurement of radiographic
images. However, formula calculation has a
narrow range of applicability and manual mea-
surement is slow. It is worth noting that DL
models can effectively solve the above prob-
lems. As for the choice of DLT, generally the left
DLT is chosen for right-sided intrathoracic sur-
gery and the right DLT is chosen for left-sided
surgery; however, the left DLT is preferred in
non-special cases because of its simpler posi-
tioning and safer intraoperative management.

Visualization techniques make DLT intubation
easier, especially for difficult airways. Video-
laryngoscopy reduces injury and postoperative
complications compared to blind insertion of
the DLT into the airway. FOB is the gold stan-
dard for DLT localization and effectively reduc-
es the risk of intraoperative DLT malposition
compared to the traditional auscultation meth-
od. VivaSight enables continuous visualization
and allows real-time intraoperative monitoring
of the airway to prevent adverse events.

With ever advancing airway identification tech-
nology based on Al, DL-based visualization DLT
may be also a focus of the future research.
Currently, DLT can only visualize the airway, but
the combination of Object Detection and visual-
ization techniques can continuously detect the
airway. In the future, Al is not only expected to
assist anesthesiologists in intubation, but will
also guide robots to perform automatic intuba-
tion and fully automate DLT intubation.
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